Detecting the First Stars at Redshift 20

TeL AVIV UNIVERSITY 2'IN-ON NU'ONAIN

Rennan Barkana g NIRS 9IS

Velocity




Cosmic History
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Strong Clustering of Early Galaxies

Extended Press-Schechter
Peak-Background Split

Press & Schechter 1974
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Kaiser 1984  Kaiser, & Szalay 1986
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The Lymanea flux
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Ly-a Fluctuations

RB & Loeb 2005

LLimit : 13.6 eV

Lya : %LL = 10.2 eV

Principle Quantum
Number (n)

Madau, Melksin & Rees 1997
Lymar-a and X-ray heatin

X-ray heating: Pritchard & Furlanetto 2007




21-cm Cosmology: The Spin Temperature

A= 21cm
v = 1420 MHz
E=59x%x10"%eV

L =T, =0.068K
B

Opposite spins: lower-encrgy configuration




What determines J?

A G
CMB

Wouthuysen 1952
Field 1958




The observab
universe

An observer
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21-cm Spectra

Resonance Line +
Cosmological Redshift

21(1+z) cm




21-cm — 3D map of Hlat 7 <z <200

Can we see the first stars at z ~ 20?




Experiment
(Fluctuations)




The first stars can be probed.
Do not need a km?!

The SKA (Square Kilometer Array)



Baryon — Dark Matter Relative (Streaming) Veloci
Tseliakhovich & Hirata 2010
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Suppression of Early Galaxies

Previously missed.But Is it important?

Halo abundance

Tseliakhovich & Hirata 2010
Halo baryon fraction

Dalal, Pen, & Seljak 2010

Minihalos: TseliakhovichRB & Hirata 2011

Simulations

Maio, Koopmans & Ciardi 2011; Stacy, Bromm & Lodl2;
Greif, White, Klessen, Springel 2011; Naoz , YoshiG@nedin 2011;
O’Leary & McQuinn 2012

Minimum cooling mass increases
Fialkov, RB, Tseliakhovich, & Hirata 2012
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Visbal, RB, Fialkov, Tseliakhovich, & Hirata
Nature 2012

1) 400 Mpc box
2) Hybrid simulation methc

3) X-ray heating
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Full feedback

No velocities

Velocities,
izt no feedback

no feedback
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Including the negative LW feedback

Machacek et al 2001; Wise & Abel 2007; O’'Shea & Norman 2008
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The heating history
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Strong feedback
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Summary
 The first stars
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